Oral candidiasis causes pain in oral cavity or tongue. Antifungal drugs are commonly used for the treatment of candidiasis, however, there could be several problems such as side effects, drug resistance, or contraindication to concomitant use with drugs already taken. The development of substituting antimicrobial agents, which could be used internally or as gargling agents, is expected. Some essential oils have been known for the activities against microbes. We focused on the three chemotype essential oils from rosemary and five essential oils from Lamiaceae plants including rosemary, and examined their antifungal activity against Candida albicans by broth microdilution method. The activity with or without addition of Tween 80 or Tween 20 was statistically analyzed. Minimal inhibitory concentration (MIC) values of the essential oils were significantly decreased when either of the two surfactants was added. Among the tested oils, only CAMPHOR, a rosemary chemotype, showed a significantly lower MIC with addition of Tween 20 than Tween 80. It is inferred that the antifungal activity of essential oils is influenced by the type of surfactants. Some of the essential oils showed the same values of MIC and the minimal fungicidal concentration (MFC) when surfactant was added. Peppermint showed the same MICs and MFCs in most cases, and its low MFC indicated potent fungicidal activity against C. albicans, as observed in CINEOL. We will * Corresponding author.
Introduction
Candida albicans is widely present in oral cavity, gastrointestinal tract and vagina as a human microbial flora and causes various opportunistic diseases in its compromised hosts. Oral and oesophageal candidiases cause pain in oral cavity and tongue, taste disturbances, odynophagia or dysphagia. Antifungals are generally used for the treatment, however, there could be several problems such as side effects, drug resistance, and contraindication to concomitant use with drugs already taken. The development of alternative agents to decrease these problems is expected.
It is known that extracts from some medicinal and aromatic plants have antimicrobial activities [1] . Essential oils are natural materials extracted from flowers, leaves, buds, twigs, roots, seeds, or woods of aromatic plants [2] . Each essential oil has peculiar effects, and there have been studies to examine its antimicrobial property for the use in alternative medicine or food preservation [3] .
In our previous study on the antifungal activity against C. albicans of seven essential oils, an addition of a non-ionic surfactant, Tween 80, potentiated the activity several times [4] . It would be worth examining essential oils as one of possible substitutes for antifungal agents.
Some plants produce essential oil chemotypes, which are derived from the same plant species but have different chemical components. There have been some reports on the effects of rosemary oil against C. albicans, but none of them had gone into the specifics on the chemotypes. The results from these studies are inconsistent [5] - [7] . It could be inferred that this inconsistency is due to the variation of chemical components of chemotypes. In this study, we aim to examine the stability of the antifungal activity of these essential oils and to compare the influence of surfactants on the activity.
Among non-ionic surfactants used as solubilizing agents at low concentration, we focused on two surfactants, Tween 80 and Tween 20, which were most commonly used in the biotechnology industry [8] [9] . We compared each antifungal activity of essential oils with addition of Tween 80 or Tween 20, and statistically analyzed the data. We also examined whether other Lamiaceae essential oils show significant antifungal activity as CINEOL.
Materials and Methods

Essential Oils and Other Reagents
The three chemotype essential oils of rosemary, CINEOL, VERBENON and CAMPHOR, were obtained from LIBRA NATUTHERAPY, Hyogo, Japan. The five essential oils from Lamiaceae plants, rosemary (Rosmarinus officinalis), peppermint (Mentha piperita), lavender (Lavandula angustifolia), sweet marjoram (Origanum majorana), and clary sage (Salvia sclarea), were obtained from two manufacturers; LIBRA NATUTHERAPY, Hyogo, Japan and Flavor Life, Tokyo, Japan. These five Lamiaceae oils are popular and readily obtained in Japan. Some Lamiaceae plants produce chemotypes, however, except for rosemary, the chemotype oils of the other Lamiaceae plants were not available in Japan.
The parts (leaves) and methods for extraction (steam distillation) of the three rosemary chemotypes were the same, while the habitats were different (Morocco, France, and Spain) [4] . The five Lamiaceae oils were also obtained through steam distillation methods. The extraction parts of lavender and clary sage were leaves and flowers, while other three oils were from leaves. Except for lavender (France) and Sweet marjoram (Egypt), the habitats of the other three oils differed between manufactures A and B ( Table 1) .
The three rosemary chemotypes and five Lamiaceae oils at various concentrations were dissolved in RPMI 1640 with L-glutamine and 0.165 M MOPS, without sodium bicarbonate (MOPS buffered RPMI 1640) (Lonza, Allendale NJ, USA). Polyoxethylene (20) Sorbitan Monooleate (Tween 80) and Polyoxyethylene (20) Sorbitan Monolaurate (Tween 20), as emulsifiers, were purchased from Wako Pure Chemical Industries, Osaka, Japan. 
Fungal Strains and Culture Conditions
C. albicans ATCC 18804 was maintained in YEAST MOLD BROTH (YM broth) (Becton, Dickinson, Franklin Lakes, NJ, USA) at 28˚C for 48 hours. The yeast colonies were adjusted to approximately 5 -6 × 10 5 CFU/ml before inoculation.
MIC and MFC Assays against C. albicans
The MIC was measured by two-fold serial broth dilution assay, based on the Clinical and Laboratory Standards Institute (CLSI) reference protocol M27-A3 with modification. The experiments were performed using sterile 96-well plates. C. albicans suspended in MOPS buffered RPMI 1640 and adjusted to 1 -5 × 10 3 CFU/ml were added to each well. The plates were cultured at 35˚C for 48 hours and the MICs were determined. The MIC was defined as the lowest concentration to prevent visible growth of C. albicans. The concentration range of the Lamiaceae essential oils and rosemary chemotypes was 0.02 -20 µl/ml.
To determine the minimal fungicidal concentration (MFC), the fluids from all wells showing an inhibition of the fungal proliferation in MIC assay were subcultured in 10 ml of YM broth at 28˚C for 48 hours. The MFC was defined as the lowest concentration to completely prevent the development of the inoculums.
To standardize the assay, we confirmed the MIC of amphotericin B against C. albicans 0.25 -1.0 µg/ml. An essential oil-free, control medium was inoculated with C. albicans, and the growth was observed. It was found that 0 -20 µl/ml Tween 80 and Tween 20 did not affect the fungal growth. All experiments were performed in at least triplicate.
Statistical Analyses
Data on the three chemotypes were displayed in box-and-whisker plots. In order to measure the antifungal activity of essential oils against C. albicans, Mann-Whitney U test with Bonferroni correction was employed for the comparison of the MICs with and without surfactants. P-values < 0.0166 were considered significant. For the difference between manufacturers A and B, the data were analyzed without Bonferroni correction (P < 0.05). Statistical analyses were performed using SPSS (Statistical Package for the Social Science) Ver. 21.
Results
Antifungal Activity of Rosemary Chemotypes against C. albicans
The antifungal activity of the three rosemary chemotypes was examined using Mann-Whitney U test. It was found that the MICs with either Tween 80 or Tween 20 were significantly lower than those without surfactants. When the surfactants added, the MICs almost coincided with the MFCs ( Table 2) . Among the three chemotypes, only CAMPHOR showed significantly lower MIC with Tween 20 than with Tween 80 (Figure 1). 
Antifungal Activity of the Lamiaceae Oils against C. albicans
In the five Lamiaceae oils, MICs with either Tween 80 or Tween 20 also fell significantly (Tables 3 and 4 ). There were no significant differences between the effects of the two surfactants on the MICs. However, comparing Arranged in ascending order according to the MIC values, peppermint comes first, followed by lavender, sweet marjoram and clary sage, with no difference between the manufactures. Peppermint showed the same level of MICs as CINEOL. Rosemary oils from manufactures A and B presented contradicting MIC values. It is on the top in manufacture A and at the bottom in manufacture B (Tables 3 and 4) . In some oils, including peppermint, MIC and MFC values coincided when Tween 80 or 20 added (Tables 3 and 4) .
Discussion
The data presented here revealed a correlation between surfactants and decrease in MICs of the essential oils. There was no significant difference observed between the non-ionic surfactants, Tween 80 and Tween 20, but the values tended to be lower when Tween 20 added. Only CAMPHOR showed significant drop in MIC values with Tween 20. The tested four Lamiaceae oils, of which chemotypes are not available, showed no significant variation in MICs by manufacturers. The distinct values from CAMPHOR suggest that the different chemical components in chemotype oils provide their unique properties.
A possible explanation for the increased antifungal activity of the essential oils is that Tween 80 and Tween 20 enhanced emulsification or solubilization of fat soluble components of essential oils in liquid culture medium. Hydrophile-Lipophile Balance (HLB) value, proposed by Griffin, is one of the indexes in selecting non-ionic surfactants [10] [11] . It is defined as a value to indicate the affinity of a surfactant for water and oil. On a scale from 0 to 20, a value closer to 20 indicates higher hydrophilia while a value closer to 0 indicates higher lipophilia. The HLB value can be used to divide non-ionic surfactants into hydrophilic oil-in-water (o/w) type and lipophilic water-in-oil (w/o) type. That HLB value of Tween 80 and Tween 20 is 15.0 and 16.8 respectively [10] indicates Tween 20 being more hydrophilic. The difference in hydrophilicity could have affected the result of our study using broth dilution.
In addition, of all the essential oils tested, only CAMPHOR showed significantly lower MIC with Tween 20 than with Tween80. It is said that all oils, waxes and other materials to be incorporated into emulsion have own "Required HLB". As Orafidiya et al. reported, it is important that the surfactant system HLB value matches the required HLB value of oil for the emulsion stability [12] . There is a possibility that the required HLB of CAMPHOR was the closest to the HLB of Tween 20. It can be assumed that this is one of the factors affecting the distinct result from CAMPHOR.
An acyl group (RCO-) of Tween 80 is mainly oleic acid, on the other hand, RCO-in Tween 20 is lauric acid. Bergsson et al. reported that lauric acid decreased the number of viable cells of C. albicans in 30 minutes [13] , however, we did not find any significant antiproliferative effect in either of these surfactants (data not shown). The tested essential oils showed lower MICs against C. albicans when supplemented with Tween 20 than with Tween 80. These results suggest it is not chemical structure but solubility of surfactants that affects the activity of essential oils.
The five Lamiaceae essential oils tested in our study showed almost same MIC and MFC values. It is suggested that the essential oils, with or without surfactants, have fungicidal activities. Menthone and menthol are known as main components of peppermint [14] [15] . These two components are reported to act against C. albicans based on a study on their MICs and MFCs using broth microdilution method [16] . Linalool and linalyl acetate are the main components of lavender and clary sage [17] - [19] . According to previous studies by time-kill assay, these components decreased the number of viable cells of C. albicans [20] [21] . Furthermore, linalool was reported to inhibit biofilm formation by C. albicans [22] . Terpinene-4-ol and γ-terpinene, the main components of sweet marjoram [23] , were reported to decrease the number of viable cells of C. albicans in a previous study by time-kill assay [24] . All these findings clearly indicate that some of the components in Lamiaceae family oils are active against C. albicans, and validate their antifungal activity. The MIC values of the five oils but rosemary did not vary between the two manufactures. Since the chemotypes of the four essential oils (peppermint, lavender, sweet marjoram and clary sage) are not available in Japan, the ratio of major components may not be varied remarkably by species.
In this study, we clarified that surfactant (Tween 80 or Tween 20) plays a critical role in significant decrease of MICs of essential oils against C. albicans. Their combined effects suggest that we need to consider the type of surfactant as well as essential oil in investigating its peculiar therapeutic properties. Lamiaceae family peppermint showed MICs as low as rosemary CINEOL. The mechanism of fungicidal action makes peppermint one of the promising substitute for drugs against C. albicans.
Conclusion
In this study, we clarified that surfactant (Tween 80 or Tween 20) plays a critical role in significant decrease of MICs of essential oils against C. albicans. Their combined effects suggest that we need to consider the type of surfactant as well as essential oil in investigating its peculiar therapeutic properties. Lamiaceae family peppermint showed MICs as low as rosemary CINEOL. The mechanism of fungicidal action makes peppermint one of the promising substitutes for drugs against C. albicans.
